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Introduction

49
The relationship between foot strike pattern and injury during running has been the subject of 50 much discussion in recent years. This is because the vertical impact transient characteristic of a 51 rearfoot strike (RFS) (3) is associated with a high rate of loading experienced by the body. The 52 musculoskeletal system is viscoelastic in nature and therefore sensitive to high rates of loading. The aim of this study was to assess the component, as well as the resultant GRF and ILR during 100 running in three distinct groups of runners. These groups were: those who habitually run in 101 standard shoes with a RFS those who habitually run in standard shoes with a FFS; and those who 102 habitually run in minimal shoes with a FFS. It was hypothesized that FFS runners would 103 demonstrate a lower peak vertical ILR than RFS runners. It was also hypothesized that running 104 with a FFS pattern in minimal shoes would result in lower posterior, medial and lateral ILR, and 105 therefore a lower peak resultant ILR, than running with a FFS pattern in standard shoes.
106
Methods
107
Participants
108
Twenty nine participants, aged 18 -60 years were included in the study (Table 1) without impact peaks between 3% and 12% of stance. As we have found vertical loadrate peaks 168 in FFS to occur later in the stance cycle, we calculated these over the first 25% of stance.
169
However, for comparison to other studies, we also calculated peak vertical loadrates in FFS 170 runners in the first 13% of stance (Peak vILR 13 ).
171
Statistical analyses
172
The data were determined to be non-normally distributed according to tests and the observation of histograms. Nonparametric Kruskal-Wallis tests were used to 174 identify whether there was a main effect of group on GRF and ILR variables, with P < 0.05 175 indicating a significant main effect. Where there was a main effect, Mann Whitney U tests 176 identified where differences between groups occurred. A post-hoc sub-analysis was also 177 conducted on the minimal footwear group. This is because half of the shoes classified as minimal 178 had some cushioning (partial minimal, n=5) and half had no cushioning (full minimal, n=5). The 179 vertical and resultant ILR, as well as the percentage of foot strikes with impact peaks in these 180 two minimal footwear subgroups were compared descriptively to the two standard shoe groups.
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Results
182
Demographic characteristics of the participants are presented in Table 1 . There were 22 male and 183 7 female participants. The majority of those who habitually ran with a FFS in either footwear 184 condition were male (89%). There were no differences in age, height, body mass or BMI 185 between groups.
186
There was a main effect for ground contact time (P < 0.001), which was lowest in the SFFS There were main effects for ILR in all directions, including the resultant (P < 0.001 in all cases). Rice 
Discussion
218
The purpose of this study was to determine the influence of foot strike and footwear on 
Ground Reaction Force
Rice
GRF time histories displayed patterns that differed according to foot strike pattern. When 224 running with a RFS, the majority of foot strikes displayed a distinct impact peak, which was not 225 the case when running with a FFS in either shoe. This is consistent with previous findings (12, 226 13). Distinct posterior and medial impact peaks were observed in both FFS groups which were 227 less evident when running with a RFS, also consistent with previous findings (2, 3, 18, 29) . suggests that even being habituated to a small amount of cushioning can lead to harder landings.
255
To date, only the vertical ILR component has been associated with injury in runners. However, 256 the resultant warrants investigation as these loadrates are at least as high as the vertical ILR, and 257 represent the total loading experienced by the body.
258
When running with a FFS, the foot contacts the ground in a more plantarflexed (30) and inverted
259
(2) position than when running with a RFS. To achieve a FFS in standard shoes, these 260 characteristics may be exaggerated in order to overcome both the heel height and lateral flare of vertical ILR for the FFS group, however, they found the second peak to be lower than the first.
277
The source of this second peak may be associated with the acceleration of the remainder of the gender between the groups, although there is no evidence that this factor affects impact loading.
295
This observed difference may be interesting in itself, and warrants further investigation.
296
Additionally, while habitually running with a FFS pattern in a minimal shoe resulted in lower 297 loadrates than in a standard shoe, further studies are required to determine if these differences are 298 important in terms of injury. 
